Abstract-The relaxation properties of polymer composites based on latex styrene-alkyl methacrylate poly mers and water soluble 2, 3,9,10,16,17,23,24 octa[(3,5 biscarboxy) phenoxy]phthalocyanine are studied in the temperature range from -150 to +250°C. Characteristic mechanical loss maxima are observed on the inner friction spectra of unmodified and modified polymers corresponding to various patterns of intermolec ular mobility and local and segmental types of intermolecular interactions. The modification of the polymers is accompanied by decreases in their glass transition temperatures. This effect may be explained by a decrease in the intermolecular interactions of copolymer units in the presence of phthalocyanine.
Aqueous polymer dispersions (latexes) are widely used to obtain films and coatings for various applica tions [1] [2] [3] [4] . In [5] [6] [7] , latex polymer films based on water dilutable emulsifier free film forming styrenealkyl methacrylate latexes were modified with water soluble 2, 3,9,10,16,17,23,24 octa[(3,5 biscarboxy) phenoxy]phthalocyanineС 88 Н 42 N 8 Na 8 O 24 (WDP) [5] [6] [7] . This phenomenon is made possible by the full compatibility and stability of these latexes with respect to WDP, a circumstance that is necessary for the design of new composite materials with a complex of practically important (in particular, photochemical) properties [6, [8] [9] [10] [11] [12] .
Raman spectroscopy studies showed [4] that poly mers can be modified at WDP concentrations of up tõ 10 -2 mol/L without formation of focal crystal inclu sions. As evidenced by FTIR spectroscopy [4] , phtha locyanine interacts with the carboxyl containing poly mer via hydrogen bonding.
With consideration for the data from [5] [6] [7] , which were predominantly devoted to the physicochemical characteristics of ionic phthalocyanine in the phthalo cyanine modified polymer, it was of interest to eluci date how the physicochemical properties of the poly mer change in the presence of the modifier. To this end, dynamic mechanical relaxation spectroscopy was employed. This method relies on an analysis of the response of separate structural-kinetic elements of materials of the studied systems to an external effect that disturbs the mechanical and thermodynamic equilibria of these elements or of the whole system [13] [14] [15] [16] .
It is common knowledge that the structure of a polymer is due to the presence of two kinds of struc tural elements: chains units and chains. These ele ments possess appreciably different mobilities. Because of large sizes, polymer chains have low mobilities [14] . Therefore, variation in temperature in the case of high elasticity polymers primarily entails the rearrangement of units, that is, a change in the conformations of chains. Hence, it follows that the introduction of a modifier that is active with respect to functional groups of the polymer may cause a change in the conformation of polymer chains. This issue is the subject of this study, in which styrene-alkyl methacrylate latex copolymers are used as high elasticity polymers and water soluble phthalocyanine is used as a modifier.
Note that, in accordance with the radical mecha nism of emulsion polymerization (including emulsi fier free polymerization) conducted in the presence of a radical initiator [17] , the copolymers synthesized in this study have high molecular masses (~10 6 ). With allowance for the radical mechanism of persulfate ini tiated copolymerization of styrene with alkyl meth acrylates without any crosslinking agents, it is assumed that physical relaxation transitions occurring in a lin ear polymer may be predicted and analyzed on the basis of the chemical structure of polymer chains.
The goal of this study is to ascertain the effect of ionic phthalocyanine on the physicochemical charac teristics of latex polymer systems in the region of glass transition temperatures of styrene-methyl methacry late (MMA)-butyl acrylate (BA)-acrylic acid (AA) The solubility of phthalocyanine in water is attained owing to its incorporation into the end ionic groups COONa.
Relaxation Phenomena in Latex Polymers
As film forming polymers, two copolymer latexes of styrene and alkyl (meth)acrylates were used: the microheterogeneous latex styrene + MMA-BA-AA and the latex styrene-BA-MAA.
Microheterogeneous latex styrene-MMA-BA-AA was synthesized via emulsifier free seeding copo lymerization accompanied by the formation of coreshell particles [1] . The glass transition temperature of the copolymer, Т g , calculated from the comonomer ratio (styrene + MMA) : BA : AA = 40 : 59 : 1 is ~18°C [19] . The microheterogeneous latex was prepared through a two step method via seeding emulsifier free copolymerization; as a result, core-shell particles were formed; they comprised 36% of the total particle weight.
The second latex styrene-BA-MAA was synthe sized via conventional emulsion polymerization at a component ratio of 39 : 60 : 1 with the use of a mixture of anionic and nonionogenic emulsifiers.
Films based on latex copolymers nonmodified and modified with water soluble phthalocyanine were cast from latexes on Teflon substrates followed by drying first in air and then in a vacuum chamber to constant weights.
To ascertain relaxation dissipative losses in these polymers, inner friction spectra λ = f(T) were mea sured in the range -150 to +250°C in the mode of free decaying torsional vibrations at a frequency of ν ≈ 1 Hz on a horizontal torsional pendulum [20] .
To gain insight into the character of phthalocya nine distribution in latex polymers, the composites were studied with the use of mass spectrometry on a Bruker Daltonics Ultraflex II matrix assisted laser desorption/ionization mass spectrometer.
RESULTS AND DISCUSSION
Before addressing the results of relaxation studies, note that there is a difference in the structures of latex particles formed via heterogeneous copolymerization in the aqueous phase through conventional and seed ing polymerization methods. In the latter case, this effect makes itself evident as the microheterogeneous structure of core-shell particles [1] .
To clarify the effect of the modifier on the relax ation properties of the polymers, Fig. 1 
